Small sample properties of panel time-series estimators with I(1) errors by Coakley, Jerry et al.
 WORKING PAPERS SERIES 
WP01-08 
 
 
 
Small Sample Properties of Panel         
Time-series Estimators with I(1) Errors 
Jerry Coakley, Ana-Maria Fuertes and Ron Smith 
!"#$$ %#"&$' &()&'(*+'% ), &#-'$ *+"'.%'(+'%
'%*+"#*)(% /+*0 1234 '(()(%
5'((6 7)#8$'6!"#!9 :-#.;#(+# <='(*'%$9 >)- !"+*0!
!?'&#(*"'-* ), @A)-)"+A%9 B+(8C'A8 7)$$'D'9 E-+F'(%+*6 ), G)-H)-
#?'&#(*"'-* ), :AA)=-*+-D9 <+-#-A' #-H ;#-#D'"'-*9 E-+F'(%+*6 ), @%%'I
$?'&#(*"'-* ), :AA)=-*+-D #-H <+-#-A'9 7+*6 E-+F'(%+*6 B=%+-'%% !A0))$
:&(+$ JKK3
!"#$%&'$
;)-*' 7#($) %+"=$#*+)-% #(' =%'H *) 'I&$)(' *0' %"#$$ %#"&$' &()&.
'(*+'% ), # "'#- D()=& #-H */) &))$'H &#-'$ '%*+"#*)(% ), # ('D('%%+)-
A)'!A+'-* /0'- *0' ('D('%%)( +% %!"#L M' A)"&#(' #-H A)-*(#%* *0'
'"'A* ), %!$# #-H %!"# '(()(% #-H 0)")D'-')=% #-H 0'*'()D'-')=% A).
'!A+'-*% +- # H'%+D- C#%'H )- */) *6&+A#$ NNN &#-'$%L O0' ('%=$*%
A)-!(" *0#* *0' #%6"&*)*+A *0')(6 +% ('$'F#-* *) &(#A*+A#$ #&&$+A#.
*+)-%L M+*0 %!$# '(()(% #-H 0)")D'-')=% A)'!A+'-*%9 *0' '%*+"#*)(%
#(' =-C+#%'H9 H+%&'(%+)- H'&'-H% )- *0' %+D-#$.-)+%' (#*+) #-H ,#$$% #*
(#*' &
"
' #% 'I&'A*'HL M+*0 %!"# '(()(% #-H -) A)+-*'D(#*+)-9 *0'
'%*+"#*)(% #(' =-C+#%'H #-H H+%&'(%+)- ,#$$% #* (#*'
"
'( M0'- 0'*.
'()D'-'+*6 /+*0 %!$# '(()(% +% +-*()H=A'H9 *0' H+%&'(%+)- ), *0' &))$'H
'%*+"#*)(% ,#$$% #* (#*'
"
' C=* *0#* ), *0' "'#- D()=& A)-*+-='% *)
,#$$ #* (#*' &
"
'( <+-#$$69 *0' &))$'H '%*+"#*)(% #(' $+8'$6 *) $'#H *)
H+%*)(*'H +-,'('-A' C)*0 +- *0' A#%' ), %!"# '(()(% #-H ), %!$# '(()(%
/+*0 0'*'()D'-')=% A)'!A+'-*%L O0' "'#- D()=& '%*+"#*)(%9 0)/'F'(9
#(' D'-'(#$$6 A)(('A*$6 %+P'HL
Q'6/)(H%R ;)-*' 7#($)S ('%&)-%' %=(,#A'S %&=(+)=% ('D('%%+)-S NNN
5@G 7$#%%+!A#*+)-R 7TJS <T3
!7)(('%&)-H+-D #=*0)(R O'$R UVV KJKW XT3 XV3YL <#IR UVV KJKW XT3 XV3XL @."#+$R
ZA)#8$'6['A)-LCC8L#AL=8L
3
( )*$%+,-'$.+*
N#-'$ *+"'.%'(+'%9 /0'(' C)*0 ! 9 *0' -="C'( ), *+"' &'(+)H%9 #-H " 9 *0'
-="C'( ), D()=&%9 #(' $#(D'9 &$#6 #- +-A('#%+-D ()$' +- '"&+(+A#$ ('%'#(A0L
O0'6 #(' &#(*+A=$#($6 +"&)(*#-* +- +-*'(-#*+)-#$ "#A()'A)-)"+A%9 %+-A' $)-D
(=-% ), H#*# #(' ),*'- #F#+$#C$' ,)( "#-6 A)=-*(+'%L !=A0 &#-'$% 0#F' C''-
=%'H *) %*=H6 D()/*0 #-H A)-F'(D'-A'9 *0' <'$H%*'+-.\)(+)8# &=PP$' #-H9
")%* 'I*'-%+F'$69 &=(A0#%+-D &)/'( &#(+*6 2NNN4L B#$*#D+ #-H Q#) 2JKKK4
&()F+H' # %=(F'6 ), "'*0)H% ,)( -)-.%*#*+)-#(6 &#-'$% ), *0+% %)(*L M0'- C)*0
! #-H " #(' $#(D'9 )-' A#- ")H'$ 0'*'()D'-'+*6 C6 &'("+**+-D A)'!A+'-*%
*) F#(6 C'*/''- D()=&% /0+A0 +% -)* &)%%+C$' +- %"#$$ ! &#-'$%L B#$*#D+ #-H
](+!- 23^^W4 #-H B)6H #-H !"+*0 2JKKK4 %0)/ *0#* %=A0 0'*'()D'-'+*6 +-
D()=&.%&'A+!A A)'!A+'-*% +% +"&)(*#-* +- &(#A*+A'L !=A0 &#-'$% #$%) )"'( *0'
&()%&'A* ), )F'(A)"+-D *0' %&=(+)=% ('D('%%+)- &()C$'" /0+A0 +% -)* &)%%+C$'
/+*0 %"#$$ " &#-'$% )( &=(' *+"' %'(+'%L N0+$$+&% #-H ;))- 23^^^9 JKKK4 #-H
Q#) 23^^^4 %0)/ *0#* +- %=A0 &#-'$% )-' A#- )C*#+- A)-%+%*'-* '%*+"#*'% ),
#- #F'(#D' $)-D (=- &#(#"'*'( 'F'- /0'- *0' F#(+#C$'% H) -)* A)+-*'D(#*'
)(9 '_=+F#$'-*$69 /0'- *0' '(()( *'(" #% /'$$ #% *0' F#(+#C$'% #(' #!"#L O0'
+-*=+*+)- +% *0#* *0' -)+%' ` *0' A)F#(+#-A' C'*/''- *0' #!"# '(()( #-H *0'
#!"# ('D('%%)( ` *0#* &()H=A'% *0' %&=(+)=% ('D('%%+)- &()C$'" +% #**'-=#*'H
C6 #F'(#D+-D )F'( +-H'&'-H'-* D()=&%L
O0+% &#&'( =%'% ;)-*' 7#($) %+"=$#*+)-% *) +-F'%*+D#*' *0' %"#$$.%#"&$'
&()&'(*+'% ), *0('' &#-'$ '%*+"#*)(% +- # %*#*+A $+-'#( ('D('%%+)- ")H'$ /0'('
*0' F#(+#C$'% #(' #!"#$ *0' '(()(% #(' '+*0'( #!%# 2A)+-*'D(#*+)- A#%'4 )( #!"#
2-) A)+-*'D(#*+)- A#%'4S #-H *0' A)'!A+'-*% #(' '+*0'( 0)")D'-')=% )( 0'*.
'()D'-')=%L O0' ;)-*' 7#($) H'%+D- +% A#$+C(#*'H )- */) A)-*(#%*+-D NNN
&#-'$%R )-' +% # ! $ " ")-*0$6 H#*# &#-'$ /0+$' *0' )*0'( +% # " $ !
#--=#$ H#*# &#-'$L :AA)(H+-D$6 *0' ('%=$*% A)F'( "#-6 ), *0' *6&+A#$ &#-'$
H+"'-%+)-% =%'H +- #&&$+'H /)(8L O0' &#&'( A#- C' %''- #% # A)"&$'"'-*
*) O#6$)( 2JKK34 /0) 'I&$#+-% 0)/ *'"&)(#$ #DD('D#*+)- #-H -)-.$+-'#(+*+'%9
C'A#=%' ), C#-H% ), +-#A*+)-9 "#6 "#8' '(()(% #&&'#( #!"# 'F'- /0'- #H.
Z=%*"'-* +% _=+*' (#&+HL M' #HH('%% *0' +%%=' ), /0'*0'( )-' A#- '%*+"#*'
*0' $)-D (=- '"'A*% ), &(+A' H+"'('-*+#$% )- 'IA0#-D' (#*'% 'F'- +, *0' '(()(%
#(' #!"# ,)( *0)%' )( )*0'( ('#%)-%%
1, )-' 8-'/ *0' H#*# D'-'(#*+-D &()A'%% 2?]N49 )-' /)=$H =%' *0' +-.
,)("#*+)- +- $'F'$% +- *0' A)+-*'D(#*+)- A#%' #-H !(%* H+"'('-A'% )*0'(/+%'L
1- &(+-A+&$' )-' A)=$H *'%* /0'*0'( *0' F#(+#C$'% A)+-*'D(#*' =%+-D #-6 ),
*0' *'%*% ,)( A)+-*'D(#*+)- #-H =-+* ())*% +- &#-'$% %=(F'6'H C6 B#$*#D+ #-H
J
Q#) 2JKKK4L 1- &(#A*+A'9 #% *0'6 '"&0#%+%'9 *0'(' #(' %'F'(' A)-A'&*=#$ H+,.
!A=$*+'% +- ,)("=$#*+-D *0' #&&()&(+#*' 06&)*0'%'% #-H *0' ('%=$*% #(' ),*'-
+-A)-A$=%+F'L 1- *0+% $+D0*9 )-' A#- F+'/ )=( %+"=$#*+)-% #% #-%/'(+-D *0'
,)$$)/+-D _='%*+)-L M0#* #(' *0' A)-%'_='-A'% ), #&&$6+-D *0' F#(+)=% '%*+.
"#*)(% *) *0' H#*# +- $'F'$% /0'- )-' +% -)* %=(' /0'*0'( %)"' )( #$$ ), *0'
D()=&.%&'A+!A ('$#*+)-% A)+-*'D(#*'a
!'A*+)- J )=*$+-'% *0' ;)-*' 7#($) H'%+D- #-H ('F+'/% *0' '%*+"#*)(% 'I.
#"+-'HL !'A*+)- T A)-%+H'(% *0' &()&'(*+'% ), *0('' %*#*+A &#-'$ ('D('%%+)-
'%*+"#*)(% =-H'( #!%# #-H #!"# '(()(% /0'- *0' ('D('%%+)- A)'!A+'-* +% 0).
")D'-')=% #A()%% D()=&%L M' =%' ('%&)-%' %=(,#A' ('D('%%+)-% *) #-#$6%' *0'
'"'A* ), +--)F#*+)- F#(+#-A'% #-H &#-'$ H+"'-%+)-%L !'A*+)- V +-F'%*+D#*'%
*0' A#%' ), 0'*'()D'-')=% %$)&' A)'!A+'-*%L O0' NNN #&&$+A#*+)- +% H+%A=%%'H
,=(*0'( +- !'A*+)- b #-H # !-#$ %'A*+)- A)-A$=H'%L
/ 0+*$1 2&%3+ ,1#.4* &*, 1#$.5&$+%#
: %+"&$' ;)-*' 7#($) H'%+D- +% '"&$)6'H *) A)"&#(' *0' '"'A* ), #!%# #-H
#!"# '(()( *'("%L ?#*# #(' D'-'(#*'H )- # H'&'-H'-* F#(+#C$' &!" #-H #- 'I.
)D'-)=% ('D('%%)( '!" ,)( D()=&% ( & ") ') %%%) " #-H *+"' &'(+)H% * & ") ') %%%) !)
#AA)(H+-D *)R
'!" & '!#"!! ( !$#!") !$#!" # #"!%) ""$#!# 234
+!" & #+!#"!! ( !%#!") !%#!" # #"!%) ""%#!# 2J4
&!" & $!'!" ( +!") 2T4
/0'(' *0' H+%*=(C#-A'% !$#!" #-H !%#!" #(' #$%) +-H'&'-H'-* ), '#A0 )*0'(L 1-
*0+% H'%+D-9 '!" +% %*(+A*$6 'I)D'-)=%S *0' H#*# 0#F' -) H'*'("+-+%*+A *('-H%9
*0' (#-H)" /#$8 ,)( '!" 0#% -) H(+,*S *0'(' #(' 0)")D'-)=%9 P'()9 +-*'(.
A'&*% #A()%% D()=&%S !-#$$6 A)-*'"&)(#-')=% H'&'-H'-A' C'*/''- D()=&% +%
'IA$=H'HL3 1- *0' !(%* %'* ), %+"=$#*+)-% /' #%%="' 0)")D'-')=% %$)&' A).
'!A+'-*% $! & $ & "% 1- *0' %'A)-H %'* /' #$$)/ $! *) F#(6 )F'( D()=&%L M'
3!'' 7)#8$'6 #-H <='(*'% 2JKKK49 7)#8$'69 <='(*'% #-H !"+*0 2JKK349 \+DD+-% #-H
c#8(#Zd'8 23^^^49 ef7)--'$$ 23^^Y4 #-H N'H()-+ 23^^W4 ,)( H+%A=%%+)-% ), A()%% %'A*+)-#$
H'&'-H'-A'L
T
A)-%+H'( C)*0 *0' A)+-*'D(#*+)- A#%' /+*0 # & % #-H -) A)+-*'D(#*+)- A#%'
/+*0 # & "L !+-A' ")%* ), *0' &()&'(*+'% ), *0' '%*+"#*)(% +- *0' ,)("'( A#%'
#(' /'$$ 8-)/-9 *0' ;)-*' 7#($) ('%=$*% &()F+H' # 6#(H%*+A8 ,)( A)"&#(+%)-
/+*0 *0' $#**'( A#%'L
O0' %+"=$#*+)-% #(' A#$+C(#*'H *) "#*A0 *0' &#-'$ H+"'-%+)-% #-H *0'
+--)F#*+)- F)$#*+$+*+'% ), */) A)-*(#%*+-D NNN H#*#%'*%L 1- *0' !(%* " $ !
&#-'$ *0' %+D-#$.-)+%' (#*+) 2*0' +--)F#*+)- F#(+#-A' ), *0' ('D('%%)( ('$#*+F'
*) *0#* ), *0' H+%*=(C#-A'4 +% $#(D' /0+$' +- *0' %'A)-H ! $ " &#-'$ +* +%
%"#$$L N#-'$ 1 +% C#%'H )- *0' B)6H #-H !"+*0 23^^^4 $#(D' " 9 %"#$$ !)
#--=#$ G?7 H#*#%'* ,)( 2$)D4 %&)* 'IA0#-D' (#*'% #-H &(+A' H+"'('-*+#$% /+*0
*0' ,)$$)/+-D A0#(#A*'(+%*+A%R
" & )%) ! & '*) "$#! # , +%%'*$ %%"*,) "%#! & %%"- %( J
N#-'$ 11 +% C#%'H )- *0' 7)#8$'6 #-H <='(*'% 2JKK34 %"#$$ " 9 $#(D' !)
")-*0$6 e@7? H#*#%'* /+*0 *0' ,)$$)/+-D A0#(#A*'(+%*+A%R
" & "*) ! & )%%) "$#! # , +%%%%./$ %%%%"/,) "%#! & %%%)'/ %(
O0+% H'%+D- #$$)/% ,)( 0'*'()D'-'+*6 +- *0' F#(+#-A' ), '!" C=* -)* +!"L O0'
%+"=$#*+)-% ('%=$*% #(' C#%'H )- - & "%) %%% ('&$+A#*+)-%LT
/6( 7%+81%$.1# +9 $:1 8&*13 1#$.5&$+%#
O0('' '%*+"#*)(% C#%'H )- %*#*+A $+-'#( ('D('%%+)-% #(' A)-%+H'('HR *0' "'#-
D()=& 2;]4 '%*+"#*)( )( #F'(#D' ), *0' D()=& %&'A+!A '%*+"#*'% %=DD'%*'H +-
N'%#(#- #-H !"+*0 23^^b49 *0' &))$'H eG! 2NeG!4 '%*+"#*)(9 #-H *0' !I'H
'"'A*% 2<@4 )( g/+*0+-f '%*+"#*)(L 1- '#A0 A#%' *0' A)-F'-*+)-#$ %*#-H#(H '(.
()(% #(' A#$A=$#*'H #-H *0' 2*(='4 06&)*0'%+% *0#* *0' A)'!A+'-* ), '!" '_=#$%
=-+*6 +% *'%*'HL O0' H'*#+$% ), *0' '%*+"#*)(% #(' %'* )=* +- #- :&&'-H+IL O0'
#%6"&*)*+A 2$#(D' ") $#(D' ! # &()&'(*+'% ), *0' */) &))$'H '%*+"#*)(% +- *0'
#!"# '(()( A#%' #(' '%*#C$+%0'H +- N0+$$+&% #-H ;))- 23^^^4L O0' &()&'(*+'%
), *0' ;] '%*+"#*)( =-H'( *0' %#"' A)-H+*+)-% 0#F' -)* C''- '%*#C$+%0'H
#-H %) *0' ;)-*' 7#($) ('%=$*% #(' ), #HH+*+)-#$ +-*'('%*L
M+*0 #!%# '(()(% #-H 0)")D'-)=% %$)&'%) #$$ *0('' &()F+H' A)-%+%*'-*
2$#(D' ") $#(D' ! # '%*+"#*'% ), *0' $)-D (=- '"'A*% ), ' )- &L O0' F#(+.
JO0' %*#-H#(H H'F+#*+)- '%*+"#*' %!! & $('( 0#% C''- )C*#+-'H ,()" *0' &(+A' H+"'('-.
*+#$ H#*# !)"#" #% %!! &
!"
"
"
#
!!)"# &!)"#!*!'& &'# #-H %!$ +% #-#$)D)=%$6 )C*#+-'H
,()" *0' ('#$ 'IA0#-D' (#*'%L
TO0' %+"=$#*+)-% /'(' &()D(#""'H +- ]:E!! TLJL h) +-+*+#$ )C%'(F#*+)-% #(' H+%.
A#(H'H9 &" & $" #-H +"" & $ %, /0+A0 #")=-*% *) =%+-D )+"# & +"# & +"" ,)( #-6 +""(
V
#-A' ), *0' ;] '%*+"#*)(9
""!#$&'# & ""%
""
.!
($
!#!
/!!! # &
""%
""
($
!#!
.
!! " & "#""$#!
)
+% D('#*'( *0#- )( '_=#$ *) *0' F#(+#-A' ), *0' <@ '%*+"#*)(9
""!#$)*# & ""%.! ($
!#!
/!#
!! &
.""%
""$"!!
" & "# )
/0'(' /! &
"+
"#! %'"!"9 0'!" & '!" & 1'!) #-H ""$ & "!!"(!#! ""$#!% 1, /! & /) *0'6
#(' C)*0 '_=#$$6 '!A+'-*L O0' ")%* '!A+'-* '%*+"#*)( +% NeG! C'A#=%' *0'
+-*'(A'&*% #-H %$)&'% #(' +H'-*+A#$ #-H9 %+-A' *0'(' +% -) %'(+#$ A)(('$#*+)- )(
0'*'()%8'H#%*+A+*6 +- *0' '(()(%9 A)-F'-*+)-#$ %*#-H#(H '(()(% /+$$ C' A)(('A*L
O0' F#(+#-A' ), NeG! +%R
""!2$
,-./
# &
.""%
""$!)"! & '! & "#!! ( "#
;)(' D'-'(#$$69 *0'%' '%*+"#*)(% "'#%=(' H+"'('-* $)-D (=- &#(#"'*'(%L
O0' ;] &()F+H'% '%*+"#*'% ), *0' !"#$!%# &'(% $)( &#(#"'*'( D+F'- C6 *0'
#F'(#D' )F'( D()=&% ), *0' (#*+) ), *0' A)F#(+#-A' *) *0' F#(+#-A'R
#$&' & "!! ($
!#!
!
"+
"#! %&!"%'!""+
"#! %'"!" # & "!!
($
!#!
#$!%
/0+$' *0' */) &))$'H '%*+"#*)(% &()F+H' '%*+"#*'% ), *0' &'(% $)( !"#$!%'
&#(#"'*'(L 1- *0' <@ A#%' *0' $#**'( +% D+F'- C6 *0' (#*+) ), *0'%' #F'(#D'%R
#$)* & "!!"(!#!!"+"#! %&!"%'!"#
"!!
"(
!#!!
"+
"#! %'"!"#
1- D'-'(#$9 *0'%' /+$$ H+"'( 'F'- #%") ! D) *) +-!-+*6L O) %'' *0' ('$#*+)-%0+&
C'*/''- *0'"9 -)*' *0#* *0' <@ '%*+"#*)( A#- C' /(+**'- #% # /'+D0*'H
#F'(#D' ), *0' +-H+F+H=#$ '%*+"#*'%R
#$)* & ($
!#!
&
/!"(
!#! /!
'#$! & ($
!#!
0!#$!%
b
\'-A'9 *0' H+"'('-A' C'*/''- #$&') *0' =-/'+D0*'H #F'(#D'9 #-H #$)* ) *0'
/'+D0*'H #F'(#D'9 /+$$ H'&'-H )- *0' A)F#(+#-A' C'*/''- *0' #$! #-H *0'
/'+D0*%9 0!L O0'6 /+$$ A)+-A+H' /0'- /! & / )( *0' 0! #(' +-H'&'-H'-* ),
*0' 2$!% 1- !'A*+)- V )=( ?]N ,)( *0' 0'*'()D'-')=% A#%' #%%="'% # &)%+*+F'
H'&'-H'-A' C'*/''- *0' 0! #-H *0' 2$!) #-H #AA)(H+-D$6 /' 'I&'A* *0' $)-D
(=- #F'(#D' A)'!A+'-* *) 'IA''H *0' #F'(#D' $)-D (=-L
1- *0' #!"# '(()(9 -).A)+-*'D(#*+)- A#%'9 N0+$$+&% #-H ;))- 23^^^4 %0)/
*0#* *0' NeG! #-H <@ '%*+"#*)(% #(' A)-%+%*'-* '%*+"#*)(% ), *0' $)-D (=-
#F'(#D' '"'A* /+*0 # A)-F'(D'-A' (#*' ),
"
" L 1- *0+% A#%' A)-F'-*+)-#$ %*#-.
H#(H '(()(% ,)( *0' &))$'H #-H !I'H '"'A* '%*+"#*)(% #(' /()-D #-H N0+$$+&%
#-H ;))- &()F+H' *0' A)(('A* #%6"&*)*+A ,)("=$#' ,)( *0' $'F'$% ('D('%%+)-
+- # -="C'( ), A#%'%L O0' &'(,)("#-A' ), *0'%' #%6"&*)*+A %*#-H#(H '(()(%
+% +"&)(*#-* C=* /' 0#F' $',* +-F'%*+D#*+)- ), *0'" #% # "#**'( ,)( ,=(*0'(
('%'#(A0L O0+% +% &#(*$6 C'A#=%' #% 6'* *0'6 #(' (#('$6 =%'H +- &(#A*+A' #-H
&#(*$6 C'A#=%' )-' -''H% *) 8-)/ *0' ?]N *) C' #C$' *) +H'-*+,6 *0' #&&().
&(+#*' ,)("=$#' ,)( *0' %*#-H#(H '(()(%L 1, )-' 8-'/ *0#* *0' '(()(% /'(' #!"#)
*0' #&&()&(+#*' '%*+"#*)( /)=$H C' NeG! )- !(%* H+"'('-A'% /0+A0 /)=$H
0#F' # F#(+#-A' ), ""%1"
"
$"!% 1- &(#A*+A' )-' H)'% -)* 8-)/ /0'*0'( *0'('
+% A)+-*'D(#*+)- )( -)* #-H &('.*'%*+-D +% (#('$6 =-#"C+D=)=%9 &#(*+A=$#($6 +-
*0' A#%' ), # "+I ), A)+-*'D(#*+-D #-H -)-.A)+-*'D(#*+-D ('$#*+)-%0+&% )( -'#(
=-+* ())* &()A'%%'%L
; <+5+41*1+-# #3+81 '+1!'.1*$#
O0' '"&+(+A#$ H+%*(+C=*+)-% ), *0' A)"&=*'H &#-'$ '%*+"#*'% #-H *.%*#*+%*+A%
2*'%*+-D *0#* *0' $)-D (=- '"'A* ), ' )- & +% '_=#$ *) =-+*64 #(' A0#(#A*'(+P'H
C6 *0'+( "'#-9 %#"&$' %*#-H#(H H'F+#*+)- 2**+49 "+-+"=" #-H "#I+"="9
"'H+#-9 #-H ")"'-* A)'!A+'-*% ), %8'/-'%% #-H 'IA'%% 8=(*)%+% +- O#C$' 3L
iO#C$' 3 #()=-H 0'('j
1- *0' 7 A#%'9 #$$ *0('' '%*+"#*)(% %''" =-C+#%'H /+*0 H+%*(+C=*+)-% *0#* #('
A'-*('H )- =-+*6 #-H A$)%' *) -)("#$L : (#-8+-D +- *'("% ), '!A+'-A6 C#%'H
)- *0' **+ +-H+A#*'% *0#* NeG! +% C'%*9 ,)$$)/'H C6 <@ #-H *0'- ;]L O0+% +%
'I#A*$6 #% 'I&'A*'H ,()" *0')(6 #-H *0' **+ ,)( *0' <@ #-H NeG! #(' F'(6
%+"+$#( *) *0'+( *0')('*+A#$ %*#-H#(H '(()(%L O0' *.%*#*+%*+A% 0#F' P'() "'#-
#-H =-+* %*#-H#(H H'F+#*+)- #% *0'6 %0)=$H9 %=DD'%*+-D ('#%)-#C$6 #AA=(#*'
+-,'('-A'L
X
1- *0' h7 A#%' O#C$' 3 %0)/% *0#* #$$ *0('' '%*+"#*)(% ('"#+- =-C+#%'H
A)-!("+-D *0' #%6"&*)*+A ('%=$*% ,)( *0' &))$'H '%*+"#*)(% #-H %=DD'%*+-D
*0#* *0' ;] +% #$%) A)-%+%*'-*L \)/'F'(9 *0'+( %*#-H#(H H'F+#*+)-% #(' "=A0
$#(D'( *0#- /+*0 A)+-*'D(#*+)-L O0' $#A8 ), A)+-*'D(#*+)- A#=%'% # "=A0
D('#*'( H'*'(+)(#*+)- +- N#-'$ 119 H+%&'(%+)- +-A('#%'% C6 # ,#A*)( ), C'*/''-
XK 2;] #-H <@4 #-H 3WK 2NeG!49 *0#- +- N#-'$ 1 /0'(' H+%&'(%+)- +-A('#%'%
C6 # ,#A*)( ), C'*/''- V #-H 3VL :$*0)=D0 *0' '%*+"#*'% #(' =-C+#%'H9 *0'
H+%&'(%+)- +- N#-'$ 11 +% %=A0 *0#* *0' '%*+"#*'% /)=$H C' ), $+**$' &(#A*+A#$
=%'L O0' '!A+'-A6 (#-8+-D +% -)/ <@9 ,)$$)/'H C6 ;] #-H NeG!L O0'('
#(' # -="C'( ), )*0'( +-*'('%*+-D ,'#*=('%L O0' +-A('#%' +- H+%&'(%+)- ),
*0' NeG! '%*+"#*'% A#=%'H C6 #!"# '(()(% D('#*$6 'IA''H% *0#* ), *0' <@
#-H *0' $#**'( 'IA''H% "#(D+-#$$6 *0#* ), *0' ;] '%*+"#*'%L :$*0)=D0 *0'
*(=' +-*'(A'&*% #(' P'() #-H C)*0 +!" #-H '!" 0#F' 'I&'A*'H F#$='% ), P'()9 +-
&#(*+A=$#( %#"&$'% *0'6 A#- 0#F' F'(6 H+"'('-* "'#-% %+-A' C)*0 #(' #!"#L
O0' %=&'(+)(+*6 ), *0' <@ '%*+"#*)( +- *'("% ), '!A+'-A6 %=DD'%*% *0#* =%+-D
H'F+#*+)-% ,()" *0' D()=& "'#- ('H=A'% *0+% &()C$'" %=C%*#-*+#$$6L
1-,'('-A' &()&'(*+'% #(' 'I#"+-'H +- ")(' H'*#+$ +- O#C$' JL
iO#C$' J #()=-H 0'('j
O0+% *#C$' D+F'% *0' '"&+(+A#$ %+P' !2!# #-H A(+*+A#$ F#$='% !23!# #* # -)"+-#$
$'F'$ % & *3 ,)( *0' *.*'%*%L O0' ,)("'( +% A#$A=$#*'H =%+-D *0' 2*0')('*+A#$4
#%6"&*)*+A A(+*+A#$ F#$='% ), # %*#-H#(H -)("#$ -)("#$ H+%*(+C=*+)-9 2! &
!4
((*0"(( ' "%/."1-L !+-A' *0' '"&+(+A#$ H+%*(+C=*+)- ), *"! +% #&&()I+"#*'$6
%6""'*(+A 2%'' O#C$' 349 *0' '"&+(+A#$ A(+*+A#$ F#$='% 23! #(' A#$A=$#*'H #% *0'
F#$=' ), *0' 2"& %1'4._=#-*+$'L
O#C$' J A)-!("% *0#* *0' *.*'%*% #(' #&&()I+"#*'$6 A)(('A*$6 %+P'H ,)( #$$
*0('' '%*+"#*)(% ,)( C)*0 &#-'$% +- *0' 7 A#%'9 *0)=D0 *0' ;] +% # $+**$'
)F'(%+P'H ,)( N#-'$ 11 =%+-D #%6"&*)*+A A(+*+A#$ F#$='%L O0+% +% -)* %=(&(+%+-D
%+-A' +* 0#% )-$6 3V H'D(''% ), ,(''H)" #-H *0' '"&+(+A#$ A(+*+A#$ F#$=' ), JL3W
+% A$)%' *) *0' #&&()&(+#*' A(+*+A#$ F#$=' ), JL3Vb ,()" *0' *.H+%*(+C=*+)-L 1-
*0' h7 A#%'9 *0' ;] *'%*% ('*#+- *0' A)(('A* %+P' /0+$' *0' <@ #-H NeG!
'%*+"#*)(% %0)/ "#%%+F' %+P' H+%*)(*+)-%L O0' <@ %+P' H+%*)(*+)- +% %"#$$'(
*0#- NeG! ,)( C)*0 &#-'$% #-H ), # %+"+$#( )(H'( ), "#D-+*=H' *) *0#*
('&)(*'H +- Q#)f% 23^^^4 #-#$6%+%L O0' %+P' A0#(#A*'(+%*+A% #(' -)* %=(&(+%+-D
%+-A' *0' A)-F'-*+)-#$ %*#-H#(H '(()( ,)("=$#' ,)( NeG! #-H <@ #(' +-A)(('A*
/+*0 ,-./ '(()(%9 /0+$' *0#* ,)( *0' ;] '%*+"#*)(9 /0+A0 =%'% *0' A()%%.%'A*+)-
H+%*(+C=*+)- ), *0' '%*+"#*'%9 ('"#+-% #&&()&(+#*'L
W
O0' '"&+(+A#$ H+%*(+C=*+)- ,=-A*+)- 2@?<4 ), *0' 0.%*#*+%*+A ,)( *0' *0(''
'%*+"#*)(% A)(()C)(#*'% *0'%' !-H+-D%L <+D=(' 3 &$)*% *0' @?< ,)( N#-'$ 11
+- *0' #!%# #-H #!"# '(()( A#%'L
i<+D=(' 3 #()=-H 0'('j
<+D=(' 32:4 %0)/% *0#* *0' @?< ), *0' 0.%*#*+%*+A ,)( *0' *0('' '%*+"#*)(% +%
F'(6 A$)%' *) *0#* ), # %*#-H#(H -)("#$L B6 A)-*(#%*9 <+D=(' 32B4 %0)/% *0#*9
/0+$' *0' @?< ), *0' 0.%*#*+%*+A ,)( *0' ;] '%*+"#*)( +% +-H+%*+-D=+%0#C$'
,()" *0#* ), # %*#-H#(H -)("#$9 *0#* ), *0' NeG! #-H <@ 0#% A)-%+H'(#C$6
,#**'( *#+$%L O0' @?<% ,)( N#-'$ 1 #(' F'(6 %+"+$#( *) *0)%' ('&('%'-*'H +-
<+D=(' 3L
M' +-F'%*+D#*' *0' %'-%+*+F+*6 ), *0' ('%=$*% *) &#-'$ H+"'-%+)-9 4" &
!") ! #) #-H ('D('%%)( #-H +--)F#*+)- %*#-H#(H H'F+#*+)-%9 4' & !"$) "%#)
C6 ('&'#*+-D *0' %+"=$#*+)-% ,)( H+"'('-* F#$='% ), 4" #-H 4'% O0' ('%=$*%
#(' *0'- =%'H #% *0' H'&'-H'-* F#(+#C$' +- # ('D('%%+)- )- *0' ('$'F#-* F#$.
='% ), 4" #-H 4'% O0' +-H+F+H=#$ ;)-*' 7#($) %+"=$#*+)-% =%' - & *%%
('&$+A#*+)-%%V
<+(%* A)-%+H'( *0' +--)F#*+)- %*#-H#(H H'F+#*+)-% "$#! #-H "%#! /0'(' *0'
,)("'( A#- C' F+'/'H #% *0' g%+D-#$f #-H *0' $#**'( #% *0' g-)+%'fL N#-'$ 1
%&'A+!A#*+)-% #(' =%'H ,)( *0' +-H+F+H=#$ ;)-*' 7#($) ('&$+A#*+)-%9 " & )%)
! & '*) #-H "$$#! & %'* #-H "
$
%#! & %"- %( 2/0'(' *0' %=C%A(+&* ( +% 0'('#,*'(
H()&&'H ,)( %+"&$+A+*64L @+D0* %=C%'_='-* F#$='% ,)( *0' $#**'( #(' D'-'(#*'H
#% "0$ & %%'* & %%%)"5 #-H "0% & %%"-& %%%"*5) ('%&'A*+F'$69 ,)( 5 & ") %%%) 5%
O0+% D+F'% Y3 H+"'('-* %+D-#$.-)+%' (#*+) A)"C+-#*+)-% F#(6+-D ,()" "$1"%
kLKY ,)( "$ & %%%' #-H "% & %"- *) "$1"%kWK ,)( "$ & %'* #-H "% & %%'L
O) 'I&$)(' *0' '"'A* ), *0' %+D-#$.*).-)+%' (#*+) )- *0' C+#% #-H H+%&'(.
%+)- ), *0' 67) 89:/ #-H ;. &#-'$ '%*+"#*)(% *0' ('%=$*% ,()" *0' Y3
%+"=$#*+)-% /'(' =%'H #% )C%'(F#*+)-% +- *0' ('D('%%+)-%R
67!1$# & <( = 67 "$ ( > 67"% ( ?$ 2V4
67//@!2$# & <( = 67 "$ ( > 67"% ( ? 2b4
,)( C)*0 *0' 7 #-H h7 A#%'%L !+-A' *0'(' +% -) ('#%)- *) 'I&'A* *0' '(()(% ),
*0'%' ('D('%%+)-% *) C' 0)")%8'H#%*+A9 M0+*'f% 0'*'()%A'H#%*+A+*6.A)-%+%*'-*
%*#-H#(H '(()(% #(' =%'HL O0' ('%=$*% #(' D+F'- +- O#C$' TL
V!+-A' *0' "#+- ('%=$*% +- O#C$'% 3.J %*+$$ 0)$H /0'- *0' 'I&'(+"'-*% /'(' ('&'#*'H ,)(
- & ($$ *0+% -="C'( ), ('&$+A#*+)-% +% #H)&*'H *) 8''& A)"&=*#*+)-#$ A)%*% ,'#%+C$'L
Y
iO#C$' T #()=-H 0'('j
O0+% %0)/% *0#* *0' //@ +% &()&)(*+)-#$ *) *0' -)+%'.*).%+D-#$ (#*+) !"%1"$#
/+*0 # A)'!A+'-* A$)%' *) =-+*6 ,)( #$$ *0('' '%*+"#*)(%L O0+% 'I&$#+-% *0'
H+"'('-* ('%=$*% ,)( N#-'$% 1 #-H 11L
h)/ A)-%+H'( *0' '"'A* ), *0' &#-'$ H+"'-%+)-%9 " #-H ! L O0' %&'A.
+!A#*+)-% #(' #D#+- C#%'H )- N#-'$ 19 "$#! & %'* %() "%#! & %"- %(L G'*
") ! & !'*) *%) 8*) "%%) "*%) '%%) '*%) )%%) )*%" /0+A0 D+F'% 5" )C%'(F#*+)-%
+- *0' ('D('%%+)-%R
67!1$# & <( = 67" ( > 67! ( ?$ 2X4
67//@!2$# & <( = 67" ( > 67! ( ? 2W4
O#C$' V ('&)(*% *0' ('%=$*%L
iO#C$' V #()=-H 0'('j
1* %0)/% *0#* +- *0' 7 A#%' *0' *0('' '%*+"#*)(% #(' =-C+#%'H +(('%&'A*+F' ),
" #-H ! #-H NeG! +% ")(' '!A+'-* *0#- <@ #-H ;]L O0' **+ ,)( *0'
*0('' '%*+"#*)(% ,#$$% #* (#*' ! #% +- *0' &=(' *+"' %'(+'% 7 A#%' #-H ,#$$%
/+*0 *0' D()=& H+"'-%+)- #* (#*'
"
"% 1- *0' h7 A#%' #$$ *0('' '%*+"#*)(%
('"#+- =-C+#%'H9 H+%&'(%+)- %*+$$ ,#$$% #* (#*'
"
" /0+$' +* H)'% -)* A0#-D'
/+*0 ! #% *0' *0')(6 +-H+A#*'%% O0' #%6"&*)*+A *0')(6 A$'#($6 /)(8% /'$$ +-
*0'%' %#"&$'%L
= <1$1%+41*1+-# #3+81 '+1!'.1*$#
1- *0+% %'A*+)- *0' #%%="&*+)- ), A)"")- %$)&' A)'!A+'-*% +% ('$#I'HL M'
#$$)/ $! *) F#(6 (#-H)"$6 #A()%% D()=&%9 /+*0 .!$!# & "% <)( *0' NeG! #-H
<@ '%*+"#*)( *0+% /+$$ $'#H *) *0' &('%'-A' ), #- 'I*(# #!"# A)"&)-'-* !$!&
$#'!" +- *0' '(()( *'(" #-H *0' A)"&)%+*' '(()( *'(" /+$$ C' 0'*'()%8'H#%*+AL
e=( ")H'$ ), 0'*'()D'-')=% A)'!A+'-*% +-*()H=A'% H'&'-H'-A' C'*/''- *0'
A)'!A+'-*% #-H *0' ('D('%%)(% #% ,)$$)/%R
$! & %8* ( "$#!$ "$#! # , +%%'*$ %%"*, 2N#-'$ 14
$! & %//)" ( "$#!$ "$#! # , +%%%%./$ %%%%"/, 2N#-'$ 114L
^
O0+% &)%+*+F' H'&'-H'-A' %0)=$H A#=%' *0' (#*+) ), *0' #F'(#D' A)F#(+#-A' *)
#F'(#D' F#(+#-A' *) 'IA''H *0' #F'(#D' ), *0' (#*+)9 $'#H+-D *) # H+"'('-A'
C'*/''- *0' */) &))$'H '%*+"#*)(% #-H *0' ;]L h)*' *0#* C6 A)-%*(=A*+)-
*0' 0'*'()D'-'+*6 +- N#-'$ 1 +% "=A0 $#(D'( *0#- +- N#-'$ 11L \)/'F'(9 *0'
0'*'()D'-'+*6 +- C)*0 A#%'% +% _=+*' %"#$$ ('$#*+F' *) *0#* *6&+A#$$6 )C%'(F'HL
O0' ('%=$*% #(' ('&)(*'H +- O#C$'% b #-H X
iO#C$'% b9 X #()=-H 0'('j
1- N#-'$ 19 /0'(' *0' 0'*'()D'-'+*6 +% $#(D'9 *0' "'#- ), *0' ;] '%*+"#*)(
('"#+-% #()=-H =-+*6 #-H *0' "'#- ), *0' <@ #-H NeG! +-A('#%'% *) #C)=*
3LKX9 +- C)*0 *0' #!%# #-H #!"# A#%'L O0' '"'A* +% +- *0' H+('A*+)- /' /)=$H
'I&'A*9 D+F'- *0' &)%+*+F' A)F#(+#-A' C'*/''- $! #-H "$#! +- )=( ;)-*' 7#($)
H'%+D-9 C=* +* +% -)* $#(D' +- 'A)-)"+A *'("%L 1* H)'%9 0)/'F'(9 ('%=$* +- #
"#(8'H +-A('#%' +- *0' *.(#*+) ,)( *0' <@ #-H NeG!L O0+% +% &#(*$6 C'A#=%'
*0' -=$$ 06&)*0'%+% +% -) $)-D'( #&&()&(+#*'9 C#%'H #% +* +% )- *0' #F'(#D' $)-D
(=-9 A$ 9 $ & " & .!$!#9 (#*0'( *0#- *0' $)-D (=- #F'(#D'L O0' H+%&'(%+)-
), *0' *.(#*+) ,#$$% C'$)/ *0' A)(('A* F#$=' ), =-+*6 ,)( *0' ;] '%*+"#*)(
C=* +% /'$$ #C)F' *0#* ,)( *0' )*0'( */)L 1- *0' #!%# A#%' *0' '!A+'-A6
), *0' ;] '%*+"#*)( +- *0' 0'*'()D'-')=% A#%' +% +H'-*+A#$ *) *0#* +- *0'
0)")D'-')=% A#%'L B6 A)-*(#%*9 *0' '!A+'-A6 ), *0' )*0'( */) '%*+"#*)(%
,#$$% ('$#*+F' *) *0' 0)")D'-')=% A#%'L O0' (#-8+-D -)/ C'A)"'% <@9 ;]9
NeG! (#*0'( *0#- NeG!9 <@9 ;]L 1- *0' #!"# A#%' *0' H+%&'(%+)- ), #$$
*0('' '%*+"#*)(% +% %+"+$#( *) *0' 0)")D'-')=% A#%'L 1- N#-'$ 119 /0'(' *0'
0'*'()D'-'+*6 +% %"#$$9 *0' &()&'(*+'% ), *0' &#-'$ '%*+"#*)(% #(' F'(6 %+"+$#(
*) *0' 0)")D'-')=% A#%'L
O#C$' X +-F'%*+D#*'% +-,'('-A' +- *0' 0'*'()D'-')=% A#%' #-H %0)=$H C'
A)"&#('H /+*0 O#C$' J ,)( *0' 0)")D'-')=% A#%'L 1- N#-'$ 119 /0'(' 0'*.
'()D'-'+*6 +% %"#$$9 *0' ('%=$*% #(' F'(6 %+"+$#( *) *0' 0)")D'-')=% A#%'L 1-
N#-'$ 19 *0' A)"C+-#*+)- ), *0' +-#&&()&(+#*' '%*+"#*'H %*#-H#(H '(()(% #-H
*0' H+"'('-A' C'*/''- *0' 06&)*0'%+P'H F#$=' #-H *0' $)-D (=- #F'(#D' H(+F'
*0' ('Z'A*+)- ,('_='-A+'% ), *0' NeG! #-H <@ *) #$")%* 3KKlL 1- *0' ,-1/
A#%'9 *0' %+P' ), *0' ;] *'%* +% &=%0'H H)/- C6 *0' $)/'( *0#- #&&()&(+#*'
F#(+#-A' ), *0' *.(#*+)9 *0)=D0 +* H)'% ('"#(8#C$6 /'$$ +- *0' #!"# A#%'L
O0'%' +-%+D0*% #(' +$$=%*(#*'H D(#&0+A#$$6 C6 *0' @?< ), *0' 0.%*#*+%*+A
&$)**'H +- <+D=(' JL
i<+D=(' J #()=-H 0'('j
3K
<+D=(' J2:4 +$$=%*(#*'% 0)/ +- *0' #!%# A#%' *0' H+%*(+C=*+)- ), *0' NeG!
#-H <@ H'&#(*% -)*#C$6 ,()" *0#* ), # %*#-H#(H -)("#$ +- %0+,*+-D *) *0'
(+D0* #-H 'I0+C+*+-D $#(D'( H+%&'(%+)-L B6 A)-*(#%*9 *0' H+%*(+C=*+)- ), *0'
;] 0.(#*+) ('"#+-% ,#+($6 A$)%' *) # %*#-H#(H -)("#$9 '%&'A+#$$$6 +- *0' #!"#
A#%'L : A)"&#(+%)- ), @?<% +- <+D=(' J2B4 #-H <+D=('% 32:4 #-H 32B4
A)(()C)(#*'% *0' F+'/ *0#* *0' &()&'(*+'% ), *0' %*#*+%*+A% +- &#-'$% /+*0
%"#$$ 0'*'()D'-'+*6 #(' +-H+%*+-D=+%0#C$' ,()" *0)%' +- 0)")D'-')=% &#-'$%L
M' '%*+"#*'H ('%&)-%' %=(,#A'% ,)( N#-'$ 19 /0'(' *0' 0'*'()D'-'+*6 +%
$#(D'9 =%+-D >kbKKL E%+-D ")! & !'*) *%) 8*) "%%) "*%) '%%) '*%) )%%) )*%"
/' )C*#+- Y3 )C%'(F#*+)-% *) !* ,=-A*+)-#$ ,)("% 2^4 #-H 23K4L O0' ('%=$*%
#(' D+F'- +- O#C$' WL
iO#C$' W #()=-H 0'('j
1- *0' #!"# '(()( A#%' *0' ('%=$*% #(' #$")%* 'I#A*$6 *0' %#"' #% +- *0'
0)")D'-')=% A#%'9 *0' H+%&'(%+)- ), *0' '%*+"#*)(% ,#$$% /+*0
"
" C=* -)*
/+*0 !% 1- *0' #!%# '(()( A#%'9 *0' ;] C'0#F'% #% +* H+H +- *0' 0)")D'-')=%
A#%' /+*0 +*% H+%&'(%+)- ,#$$+-D /+*0 !
"
"% !+-A' 'F'(6 D()=& A)+-*'D(#*'%9
*0' '%*+"#*)( ,)( '#A0 D()=& #-H +*% "'#- #(' C)*0 %=&'(A)-%+%*'-* #-H %)
*0' H+%&'(%+)- ), *0' ;] '%*+"#*)( #$%) ,#$$% /+*0 !%
O0' C+D A0#-D' +% +- *0' &'(,)("#-A' ), *0' 89:/ #-H ;. '%*+"#*)(% +-
*0' #!%# '(()( A#%' /0'(' *0' H+%&'(%+)- ,#$$% /+*0
"
" C=* -)* /+*0 ! L O0'
'I&$#-#*+)- +% *0#* /0'- # 0)")D'-')=% %$)&' +% /()-D$6 +"&)%'H *0' &#-'$
H)'% -)* A)+-*'D(#*' C'A#=%' ), *0' &('%'-A' ), *0' #!"# *'(" !$! & $#'!"
+- *0' '(()(L :AA)(H+-D$6 *0' */) &))$'H '%*+"#*)(% %0)/ *0' A0#(#A*'(+%*+A
'"'A*% ), #!"# '(()(%R F+(*=#$$6 -) D#+- +- '!A+'-A6 /+*0 +-A('#%'H *+"'.%'(+'%
H+"'-%+)-L O0' A)'!A+'-* )- 67! +% %+D-+!A#-*$6 D('#*'( *0#- P'() C=* *0'
'%*+"#*'H F#$='% ), .KLKJ ,)( NeG! #-H .KLKY ,)( <@ #(' F'(6 %"#$$L <+D=(' T
&$)*% *0' 'F)$=*+)- ), //@!2$# /+*0 ! #% %=DD'%*'H C6 *0' '%*+"#*'H ('%&)-%'
%=(,#A'%L
i<+D=(' T #()=-H 0'('j
O0' C#%' F#(+#*+)- ,)( *0' ;] +% $#(D'( C=* ,)( N#-'$ 1 *0' ;] H)"+-#*'%
*0' NeG! ,)( ! $ '8 #-H *0' <@ ,)( ! $ )"L 1, +-H+F+H=#$ D()=&% A)+-*'D(#*'
/+*0 H+"'('-* A)'!A+'-*%9 *0' &'-#$*6 ,)( &))$+-D D()/% (#&+H$6 /+*0 !%
33
> 777 &883.'&$.+*
O0+% %'A*+)- ('&)(*% *0' ('%=$*% ), '%*+"#*+-D # NNN ('D('%%+)- =%+-D *0'
*0('' '%*+"#*)(%L ?#*# )- -)"+-#$ 'IA0#-D' (#*'% #-H A)-%="'( 27N14 #-H
/0)$'%#$' &(+A' +-H+A'% 2MN14 /'(' *#8'- ,()" +!0!20$#!3 ,)( # &#-'$ ),
e@7? A)=-*(+'%9 3^WJR3.3^^YR3JL <)=( &#-'$% /'(' A)-%*(=A*'H =%+-D *0'
]'("#- "#(8 2?;4 #-H E! H)$$#( 2E!m4 #% -="'(#+(' #-H *0' 7N1 #-H
MN1 &(+A' %'(+'%Lb
:?< *'%* ('%=$*% +-H+A#*'H *0#* *0' =-+* ())* -=$$ A)=$H -)* C' ('Z'A*'H #*
*0' bl $'F'$ ,)( *0' +-H+F+H=#$ ('#$ 'IA0#-D' (#*'% +- *0' ,)=( &#-'$%LX O0+%
+"&$+'% *0' #C%'-A' ), *+"' %'(+'% A)+-*'D(#*+)- C'*/''- B!") *0' $)D#(+*0" ),
*0' 'IA0#-D' (#*' #-H C!") *0' $)D#(+*0" ), *0' &(+A' H+"'('-*+#$% \)/'F'( +-
*0' $+D0* ), )=( %"#$$ %#"&$' !-H+-D% *0' $)-D (=- ('$#*+)-%0+& C'*/''- *0'
-)"+-#$ 'IA0#-D' (#*' #-H *0' &(+A' H+"'('-*+#$ A#- C' #-#$6%'H =%+-D &#-'$
'%*+"#*)(% 'F'- /0'- *0'(' +% -) A)+-*'D(#*+)-LW M' H+%*+-D=+%0 C'*/''-
*/) +-*'(&('*#*+)-% ), NNNL e-' +"&$+'% %*#*+)-#(6 ('#$ 'IA0#-D' (#*'% )(
A)+-*'D(#*+)- C'*/''- -)"+-#$ 'IA0#-D' (#*'% #-H *0' &(+A' H+"'('-*+#$ #-H
+% A#$$'H NNN2K4L O0' )*0'( (','(% *) *0' A#%' /0'(' &(+A' H+"'('-*+#$% #('
,=$$6 ('"'A*'H +- *0' -)"+-#$ 'IA0#-D' (#*' C=* +- *0' &('%'-A' ), #- 1234
'(()( #-H +% A#$$'H NNN234L
O#C$' Y ('&)(*% *0' H+%&'(%+)- ), *0' &#(#"'*'( '%*+"#*'% ), 2$!%
iO#C$' Y #()=-H 0'('j
O0' H+%&'(%+)- +% F'(6 $#(D'9 "=A0 $#(D'( *0#- /' #%%="'H ,)( N#-'$% 1 #-H
11 +- *0' ;)-*' 7#($)L B)*0 *0' **+ #-H (#-D' ), *0' '%*+"#*'% ,)( *0' 7N1
&#-'$% 'IA''H *0)%' ,)( *0' MN1 &#-'$%L !)"' H+%&'(%+)- /)=$H C' 'I&'A*'H
C'A#=%' *0'%' #(' &()C#C$6 %&=(+)=% ('D('%%+)-%9 C=* A)=-*(6 %&'A+!A %&'A+.
!A#*+)- '(()(% "=%* #$%) &$#6 # &#(*L :% *0' ;)-*' 7#($) ('%=$*% +-H+A#*'H9
C)*0 $#A8 ), A)+-*'D(#*+)- #-H 0'*'()D'-'+*6 /+$$ H+%*)(* +-,'('-A' C#%'H )-
bO0' A)"&)%+*+)- ), *0' ,)=( &#-'$% +% %$+D0*$6 H+"'('-*L O0' 7N1 &#-'$% 0#F' "*
A)=-*(+'%R :=%*(+#9 7#-#H#9 ?'-"#(89 <+-$#-H9 ]'("#-69 ](''A'9 5#&#-9 h'*0'($#-H%9
!/'H'-9 !&#+-9 !/+*P'($#-H9 E-+*'H Q+-DH)"9 E-+*'H !*#*'%9 B'$D+="9 <(#-A'9 1*#$69 h)(.
/#69 N)(*=D#$L O0' MN1 &#-'$% 'IA$=H' *0' $#**'( !F' A)=-*(+'% #-H +-A$=H' 1('$#-HL
@IA$=H+-D *0' -="'(#+('% *0+% D+F'% ' & "+ #-H ' & ", D()=&%9 ('%&'A*+F'$6L
XeF'(#$$ *0'(' /#% Z=%* )-' ('Z'A*+)- +- *0' ,)=( &#-'$%L ?'*#+$'H ('%=$*% #(' #F#+$#C$'
,()" *0' #=*0)(% )- ('_='%*L
W 1- *0+% %'A*+)- /' +D-)(' *0' &()C$'" ), A()%% %'A*+)-#$ H'&'-H'-A' +- &#-'$% /0+A0 +%
'I#"+-'H +- 7)#8$'69 <='(*'% #-H !"+*0 2JKK34L
3J
*0' &))$'H '%*+"#*)(% #-H /' /)=$H 'I&'A* *) )F'(.('Z'A* *0' -=$$ $ & "
=%+-D *0' NeG! #-H <@ '%*+"#*)(%L O) A)-*()$ ,)( 'IA'%%+F' 0'*'()D'-'+*69
*0' -="C'( ), %*#-H#(H H'F+#*+)-% ,()" *0' "'#-9 D!2$!# & !2$! & 1$#1"!2$!#)
+% A#$A=$#*'H #-H9 =%+-D D $ ') *0' ,)$$)/+-D &)*'-*+#$ )=*$+'(% +- *0' H+%*(+.
C=*+)- ), 2$! #(' +H'-*+!'HR :=%*(+# ,)( C)*0 ?; &#-'$%9 #-H 5#&#- #-H *0'
E-+*'H Q+-DH)" ,)( *0' 7N1.E!m #-H MN1.E!m &#-'$%9 ('%&'A*+F'$6L <)(
('$#*+F'$6 %"#$$ " 9 #% +- *0+% A#%'9 *0' ;] '%*+"#*)( +% $+8'$6 *) C' %'-%+*+F'
*) )=*$+'(%L
O0' &#-'$ ('%=$*% #-H # *.%*#*+%*+A ,)( $ & " #(' ('&)(*'H +- O#C$' ^LY
iO#C$' ^ #()=-H 0'('j
@IA'&* ,)( *0' KLWY ;] '%*+"#*' ,)( *0' 7N1.?; &#-'$9 #$$ *0' '%*+"#*'% $+'
+- *0' (#-D' KL^T.3L3L <)( *0' E! H)$$#( &#-'$%9 *0' ;] +% 0+D0'( *0#- *0'
&))$'H '%*+"#*'%9 *0)=D0 *0' H+"'('-A' +% -)* $#(D'L O0' *'%* C#%'H )- *0'
;] '%*+"#*)( &()F+H'% %=&&)(* ,)( *0' NNN234 06&)*0'%+% +- *0('' ), *0' ,)=(
&#-'$%L^ <=*0'(")('9 *0' %*#*+%*+A ,)( *0' 7N1.?; &#-'$ #* .JLXVJ ('&('%'-*%
)-$6 # "#(D+-#$ ('Z'A*+)- #* *0' bl $'F'$ ,()" # !*=H'-*.* H+%*(+C=*+)- /+*0
3X H'D(''% ), ,(''H)"L
B6 A)-*(#%*9 +-,'('-A' C#%'H )- *0' */) &))$'H '%*+"#*)(% ('Z'A*% $)-D
(=- NNN +- *0('' )=* ), *0' ,)=( &#-'$% /+*0 ('$#*+F'$6 $#(D' *.%*#*+%*+A%L
O0'%' A)-*(#%*+-D ('%=$*% ` #-H +- &#(*+A=$#( *0' -'D#*+F' F'(H+A* )- NNN234
,()" *0' &))$'H ('D('%%+)- '%*+"#*)(% ` +% A)-%+%*'-* /+*0 )=( ;)-*' 7#($)
!-H+-D% ), )F'(%+P'H +-,'('-A' +- *0' #!"# '(()(9 0'*'()D'-')=% %$)&' A#%'L
;)(')F'(9 %+-A' *0' %+"=$#*+)-% +-H+A#*'H *0#* +-,'('-A'% C#%'H )- *0' ;]
'%*+"#*)( #(' #&&()&(+#*' +- *0' $#**'( A)-*'I*9 /' A)-A$=H' *0#* *0' 'F+H'-A'
&)+-*% *)/#(H% NNN234 C)*0 ,)( *0' E! H)$$#( #-H ?; &#-'$% H'%&+*' *0'
&('%'-A' ), # %*)A0#%*+A *('-H +- *0' ('#$ 'IA0#-D' (#*' +-H+A#*'H C6 *0' =-+*
())* *'%*%L
O0'%' ('%=$*% 0#F' # -="C'( ), D'-'(#$ +"&$+A#*+)-% ,)( #&&$+'H /)(8L
<+(%*9 )-' A#- '%*+"#*' #-H *'%* ,)( $)-D (=- '"'A*% +- &#-'$% 'F'- /0'-
*0' F#(+#C$'% H) -)* A)+-*'D(#*'L 1- )*0'( /)(H%9 $)-D (=- '"'A*% #(' -)*
'IA$=%+F'$6 #%%)A+#*'H /+*0 A)+-*'D(#*+-D ('$#*+)-%0+&%L e- *0#* C#%+% /' H+%.
*+-D=+%0 C'*/''- NNN2K4 #-H NNN234 #-H &()F+H' '%*+"#*'% #-H *'%* ('%=$*%
Yh)*' *0#* *0' -)"+-#$ 'IA0#-D' (#*' F#(+#C$' 0#H *) C' -)("#$+%'H )- *0' C#%' 6'#(
23^^b4 'IA0#-D' (#*' ,)( *0' NeG! ('D('%%+)-L
^O0' %#"' _=#$+*#*+F' ('%=$*% #(' )C*#+-'H #,*'( H+%A#(H+-D *0' A)=-*(+'% +H'-*+!'H
'#($+'( #% )=*$+'(%L
3T
,)( *0' $#**'( A#%'L !'A)-H$69 %+-A' &#-'$% &'("+* A)-%+%*'-* '%*+"#*+)- ), #
('D('%%+)- &#(#"'*'( 'F'- +- *0' &('%'-A' ), #- #!"# '(()(9 +* ,)$$)/% *0#* )-'
A#--)* "#8' +-,'('-A'% #C)=* *0' -#*=(' ), *0' '(()( ,()" *0' '%*+"#*'H A).
'!A+'-*%L O0' ,#A* *0#* +- &#-'$ NNN ('D('%%+)-% *0' A)'!A+'-* ), *0' &(+A'
$'F'$ H+"'('-*+#$ +% =-+*6 H)'% -)* +"&$6 *0#* ('#$ 'IA0#-D' (#*'% #(' -'A'%.
%#(+$6 %*#*+)-#(6L ]+F'- *0+% +* /)=$H C' /+%' *) =%' # (#-D' ), #$*'(-#*+F'
'%*+"#*)(% #-H 'I#"+-' #-H +-*'(&('* *0' H+"'('-A'% C'*/''- *0'"L <+-#$$6
A)-A$=%+)-% #C)=* '!A+'-A6 #-H 06&)*0'%+% *'%*+-D #(' ,=(*0'( A)"&$+A#*'H
C6 *0' ,#A* *0#* *0' &))$'H #-H "'#- D()=& '%*+"#*)(% #(' '%*+"#*+-D H+,.
,'('-* $)-D (=- &#(#"'*'(%L O0=% +* +% +"&)(*#-* ,)( ('%'#(A0'(% *) C' A$'#(
#C)=* *0' H+"'('-A' C'*/''- *0' #F'(#D' $)-D (=- )( *0' $)-D (=- #F'(#D' #%
&)*'-*+#$ "'#%=('% ), # $)-D (=- ('$#*+)-%0+&L
? 2+*'3-#.+*#
O0+% &#&'( 0#% =%'H ;)-*' 7#($) %+"=$#*+)-% *) 'I#"+-' 0)/ *0' #6"&*)*+A
2$#(D' " $#(D' ! # ('%=$*% )- *0' &()&'(*+'% ), &))$'H '%*+"#*)(% +- N0+$$+&%
#-H ;))- 23^^^4 &'(,)(" +- &#-'$% /0+A0 #(' *6&+A#$ ), #&&$+'H9 &#(*+A=$#($6
NNN9 ('%'#(A0L M' #$%) A)-%+H'( *0' &'(,)("#-A' ), #- #$*'(-#*+F' '%*+"#.
*)(9 *0' "'#- D()=&L O0' 'I&'(+"'-*% A)-!(" *0#* *0' #%6"&*)*+A ('%=$*%
0)$H ,#+($6 /'$$ ,)( %"#$$ %#"&$' %+P'% #-H 0'-A' #&&$6 +- '"&+(+A#$$6 ('$'F#-*
%+*=#*+)-%L B)*0 *0' &))$'H #-H "'#- D()=& '%*+"#*)(% #&&'#( =-C+#%'H9
/+*0 H+%&'(%+)- *0#* ,#$$% #* (#*'
"
" 'F'- /0'- *0' '(()( *'(" +% #!"# #-H
*0'(',)(' *0' +-H+F+H=#$ *+"'.%'(+'% ('D('%%+)-% #(' %&=(+)=%% O0' '!A+'-A6 ),
*0' '%*+"#*)(% H'&'-H% )- *0' (#*+) ), *0' '(()( +--)F#*+)- *) *0' ('D('%%)(
+--)F#*+)- #-H9 +- %)"' A+(A="%*#-A'%9 *0' F#(+#-A' ), *0' '%*+"#*)(% A#-
C' F'(6 $#(D'L O0' %+"=$#*+)-% #$%) A)-!(" *0' #%6"&*)*+A ('%=$* *0#* A)-.
F'-*+)-#$ %*#-H#(H '(()(% ,)( *0' &))$'H '%*+"#*)(% #(' %'(+)=%$6 "+%$'#H+-D
#-H +-,'('-A' C#%'H )- *0'" +- =-('$+#C$'L 1-*'('%*+-D$69 *0' %*#-H#(H '(()(%
,)( *0' "'#- D()=& '%*+"#*)( #(' C()#H$6 A)(('A* ,)( #$$ *0' H#*# D'-'(#*+-D
&()A'%%'% A)-%+H'('HL
O0' ('%=$*% ,)( *0' #!"# A#%' #(' F'(6 %+"+$#( +(('%&'A*+F' ), /0'*0'( *0'
('D('%%+)- &#(#"'*'(% #(' 0'*'()D'-')=% )( 0)")D'-')=%L 1- *0' #!%#.'(()(
#-H 0'*'()D'-')=%.$ A#%'9 *0' %*#-H#(H '(()( ), *0' "'#- D()=& '%*+"#*)(
H'A$+-'% #* (#*' !
"
"% \)/'F'(9 C'A#=%' 0'*'()D'-'+*6 +-H=A'% #- 'I*(# #!"#
*'(" +- *0' H+%*=(C#-A'9 *0' %*#-H#(H '(()(% ), *0' &))$'H '%*+"#*)(% H'A$+-'%
)-$6 #* (#*'
"
" #% +- *0' #!"# '(()( A#%'L M0+$' *0' &))$'H '%*+"#*)(%
3V
"#6 0#F' #- '!A+'-A6 #HF#-*#D' )F'( *0' "'#- D()=& '%*+"#*)( +- %"#$$
! %#"&$'%9 *0'6 (#&+H$6 $)%' *0+% #% ! D()/%L <+-#$$6 +- *0' $+D0* ), *0'%'
!-H+-D%9 *0' 'F+H'-A' %=DD'%*% *0#* *0' NNN 06&)*0'%+% ` *0#* -)"+-#$
'IA0#-D' (#*'% #-H &(+A' H+"'('-*+#$% ")F' )-'.,)(.)-' +- *0' $)-D (=- `
%''"% *) 0)$H 'F'- +, ('#$ 'IA0#-D' (#*'% #(' %=CZ'A* *) &'("#-'-* %0)A8%L
:7QheMG@?]@;@hO!
M' #(' D(#*',=$ *) \#(+% N%#(#H#8+%9 !*'F' !#*A0'$$ #-H ;#(*+- !)$# ,)(
0'$& /+*0 '#($+'( H(#,*%L M' ('*#+- ('%&)-%+C+$+*6 ,)( #-6 ('"#+-+-D '(()(%L
3b
:&&'-H+IR N#-'$ @%*+"#*)(%
?'-)*'
&! & !
!!
+$
"#!
&!"$ & & !"! #
!!
($
!#!
+$
"#!
&!"
%&!" & &!" & &!
#-H H'!-' #-#$)D)=% "'#%=('% ,)( '!"%
4/ 5#!( %$')6 -57/ #2043!0'$
!'&#(#*' eG! ('D('%%+)-% #(' (=- ,)( '#A0 D()=& ( & ") ') %%%) " 9
&!" & %! ( $!'!" ( +!") 2:34
#-H ,()" *0' +-H+F+H=#$ '%*+"#*'% #-H *0'+( %*#-H#(H H'F+#*+)-R
2$! &
+$
"#!
%&!"%'!"1 +$
"#!
%'"!"
"!2$!# &
)**+ ($
!#!
!2$! & 1$#"1!" & "#)
/' A)"&=*' *0' ;] '%*+"#*)(9 +*% %*#-H#(H '(()( #-H 0 %*#*+%*+A ,)( *0' -=$$
), $ & " #D#+-%* *0' #$*'(-#*+F' $ #& " 9
#$&' & 1$ & ($
!#!
2$!1")
EB!#$&'# & "!2$!#1"")
*!#$&'# & !#$&' & "#1EB!#$&'#%
44/ 8''&#9 :;* -8:;*/ #2043!0'$
O0' "! )C%'(F#*+)-% #(' &))$'H *) !* *0' eG! ('D('%%+)-R
3X
&!" & %( $'!" ( +!") 2:J4
O0' A)(('%&)-H+-D NeG! '%*+"#*'% #('R
2$
,-./
&
"(
!#!
"+
"#!!&!" & &#!'!" & 1'#"(
!#!
"+
"#!!'!" & 1'#"
EB!2$
,-./
# &
E!"(
!#!
"+
"#!!'!" & 1'#"
/0'(' E" &
"(
!#!
"+
"#! 2+
"
!"
!"! & '#
*!2$
,-./
# & !2$
,-./ & "#1EB!2$,-./#%
444/ <4=#9 #!#>02 -<?/ #2043!0'$
M' &))$ *0' hO )C%'(F#*+)-% *) !* *0' eG! ('D('%%+)-R
&!" & %! ( $'!" ( +!") 2:T4
O0' A)(('%&)-H+-D <@ '%*+"#*'% #('R
2$
)*
&
"(
!#!
"+
"#! %&!"%'!""(
!#!
"+
"#! %'"!"
EB!2$
)*
# &
E!"(
!#!
"+
"#! %'"!" /0'(' E
" &
"(
!#!
"+
"#! 2+
"
!"
"! & !" ( "#
*!2$
)*
# & !2$
)* & "#1EB!2$)*#%
3W
>','('-A'%
B#$*#D+9 BL\L #-H 5L;L ](+!- 23^^W4 N))$'H @%*+"#*)(% n'(%=% *0'+(
\'*'()D'-')=% 7)=-*'(&#(*% +- *0' 7)-*'I* ), *0' ?6-#"+A ?'"#-H ,)(
]#%)$+-'9 @')$(!& 'A ?>'('3#0$4>29 WW9 TKT.TJWL
B#$*#D+9 BL\L #-H 7L Q#) 2JKKK4 h)-%*#*+)-#(6 N#-'$%9 7)+-*'D(#*+)-
+- N#-'$% #-H ?6-#"+A N#-'$%R : !=(F'69 B9"!(>#2 4( ?>'('3#0$4>2 3b9
<)(*0A)"+-DL
B)6H9 ?L #-H >L NL !"+*0 23^^^4 O'%*+-D ,)( N=(A0#%+-D N)/'( N#(+*6R
@A)-)"'*(+A 1%%='% #-H #- :&&$+A#*+)- *) ?'F'$)&+-D 7)=-*(+'%95!(>C#20#$
*>C''& XW9 JYW.TKTL
B)6H9 ?L #-H >LNL !"+*0 2JKKK4 !)"' @A)-)"'*(+A 1%%='% +- ;'#%=(+-D
*0' ;)-'*#(6 O(#-%"+%%+)- ;'A0#-+%"9 /+*0 #- :&&$+A#*+)- *) ?'F'$)&+-D
7)=-*(+'%9 B+(8C'A8 7)$$'D' ?+%A=%%+)- N#&'( +- @A)-)"+A% 3boJKKKL
7)#8$'69 5L9 #-H :L;L <='(*'% 2JKKK4 1% O0'(' # B#%' 7=(('-A6 @"'A* +-
G)-D >=- NNNa ,(0#$(!04'(!& @')$(!& 'A <4(!(># !(9 ?>'('34>2 b9 JbT.JXTL
7)#8$'69 5L9 #-H :L;L <='(*'% 2JKK34 h)-&#(#"'*(+A 7)+-*'D(#*+)- :-#$.
6%+% ), >'#$ @IA0#-D' >#*'%9 B66&4#9 <4(!(>4!& ?>'('34>2 339 3.YL
7)#8$'69 5L9 :L;L <='(*'%9 #-H >L !"+*0 2JKK34 B'*/''- ]()=& ?'&'-.
H'-A' +- NNN @_=#*+)-% #-H +*% 7#=%'%R : N(+-A+&#$ 7)"&)-'-*% :&&()#A09
;+"')9 B+(8C'A8 7)$$'D'9 E-+F'(%+*6 ), G)-H)-L
\+DD+-%9 ;L #-H @L c#8(#Zd'8 23^^^4 N=(A0#%+-D N)/'( N#(+*6R O0(''
!*#8'% +- *0' \'#(* ), *0' E-+* >))* h=$$9 ;+"')9 <'H'(#$ >'%'(F' B#-8 ),
h'/ p)(8L
Q#)9 7L 23^^^4 !&=(+)=% >'D('%%+)- #-H >'%+H=#$.B#%'H O'%*% ,)( 7)+-.
*'D(#*+)- +- N#-'$ ?#*#9 @')$(!& 'A ?>'('3#0$4>2 ^K9 3.VVL
ef7)--'$$9 NL5L]L 23^^Y4 O0' eF'(F#$=#*+)- ), N=(A0#%+-D N)/'( N#(+*6L
@')$(!& 'A ,(0#$(!04'(!& ?>'('34>2 VVR 3.3^L
N'H()-+9 NL 23^^W4 7()%% !'A*+)-#$ ?'&'-H'-A' +- 7)+-*'D(#*+)- O'%*% ),
N=(A0#%+-D N)/'( N#(+*6 +- N#-'$%9 ;+"')9 1-H+#-# E-+F'(%+*6L
N'%#(#-9 ;L\L #-H >L !"+*0 23^^b4 @%*+"#*+-D G)-D >=- >'$#*+)-%0+&%
,()" ?6-#"+A \'*'()D'-')=% N#-'$%9 @')$(!& 'A ?>'('3#0$4>2 XY9 W^.33TL
N0+$$+&%9 NL7LBL9 #-H \L>L ;))- 23^^^4 G+-'#( >'D('%%+)- O0')(6 ,)(
h)-%*#*+)-#(6 N#-'$ ?#*#9 ?>'('3#0$4>! XW9 3KbW.3333L
N0+$$+&%9 NL7LBL9 #-H \L>L ;))- 2JKKK4 h)-%*#*+)-#(6 N#-'$ ?#*# :-#$.
6%+%R :- eF'(F+'/ ), !)"' >'A'-* ?'F'$)&"'-*%9 ?>'('3#0$4> D#"4#E2 3^9
JXT.JYXL
3Y
O#6$)(9 :L;L 2JKK34 N)*'-*+#$ N+*,#$$% ,)( *0' N=(A0#%+-D N)/'( N#(+*6
N=PP$'a !#"&$+-D #-H !&'A+!A#*+)- B+#%'% +- ;'#-.>'F'(%+)- O'%*% ), *0'
G#/ ), e-' N(+A'9 ?>'('3#0$4>!9 X^9 VWT.V^YL
3^
O#C$' 3 !=""#(6 %*#*+%*+A% 2\)")D'-')=% %$)&'4
:4 N:h@G 1
5#!( **+ 54(F 5!=F 5#94!( *G#EF H)$0IJ
44 #!%# '(()(%
$&' 3LKKK3 LK3XV L^TbX 3LKX3W 3LKKKT LK3TY L3XTV
$,-./ 3LKKK3 LKKbX L^WYJ 3LKJVV 3LKKKJ LKJV^ L3bWK
$)* 3LKKK3 LKK^X L^XJW 3LKTb^ 3LKKKJ LK3b^ LKTYT
*""# LKKTb 3LKJKb .VLJ3b3 VL3KXV LKJ33 .LKJYY LKV^V
*"$%&' LK3^T L^^^W .TLWT3Y TLW3WW LKJXX LK3^Y .LKTbK
*"() LK3V^ L^^Vb .TLWVWT TLVYWK LK3bX LKKYb .LKTJW
444 #!"# '(()(%
$&' 3LKKKJ LKWTV LWKVV 3LTbVY 3LKKKV .LK3JV LK^TT
$,-./ 3LKKKW LKWYb LXb^Y 3LT3YT 3LKKKb .LKJ3^ L3V^V
$)* 3LKKKV LKXK3 LWVJ^ 3LJKbX 3LKKKK .LK3^3 L3J33
*""# LKKTX 3LKTK^ .VLYKK3 VLJJ^V LKKVX LK3JW LKVT^
*"$%&' LKbKJ VL3bWT .JKLKKJW 3XLVbWT LKJ^Y .LKKJT L3bYY
*"() LK3JY TL333K .3TL3XJ3 3JLJbY^ LKKKX .LKKVJ L33VT
B/ N:h@G 11
5#!( **+ 54(F 5!=F 5#94!( *G#EF H)$0IJ
44 #!%# '(()(%
$&' 3LKKKJ LK3VK L^VTJ 3LKXVK 3LKKKJ LK3TW L3TKW
$,-./ 3LKKK3 LKKXJ L^W3X 3LKJ^Y L^^^^ LKbYT LVTbW
$)* 3LKKKJ LK3KT L^b3J 3LKTXb 3LKKK3 LKJJb L3YWX
*""# LK3YT 3LKWX^ .VLWXT^ VLWWXK LK3bJ .LK3b3 LJbVY
*"$%&' LK33X 3LKKVV .VLVK3Y TLWJXV .LK3VW LKJWT LKVV3
*"() LK3Vb 3LKKT3 .VLTKXb TLTYWY LKKbb LK33Y .LK3KJ
444 #!"# '(()(%
$&' L^^WY LYTV3 .JLV3bV VL3^^X L^YYT LK3^J L3TTJ
$,-./ L^^V^ 3LKTbW .JL^VT^ XL3bJ^ L^Y3b LK3YJ LJ3Jb
$)* L^^^V LWWW^ .3LX^WV VLKXX3 3LKKVW .LK3Tb LKWX3
*""# .LKKTb 3LKYKW .bLKV3X VL^bVT .LK3bV LKKYV LVWYb
*"$%&' .LK3V^ 3VLYVWX .XXLYXYY XVLWYbJ .LJbYK LKT^J LJY3Y
*"() LKKWJ 33LKbW^ .VJL3VbJ VJLT3J3 LKXbJ .LKK33 L3KYY
JK
O#C$' J @"&+(+A#$ %+P' #-H A(+*+A#$ F#$='%
N:h@G 1
#!%# '(()(% #!"# '(()(%
21$% 231$% 21$% 231$%
67 bLTJ 3L^Y bLWW JLKX
89:/ bLKX 3L^^ XVLKJ YLJ3
;. VLX3 3L^V bJLTW XL3W
N:h@G 11
#!%# '(()(% #!"# '(()(%
21$% 231$% 21$% 231$%
WLKW JL3W XLYJ JL3X
VL^V 3L^^ Y^LbK J^LX^
VLYY 3L^X YbLXX J3LY3
J3
O#C$' T >'%&)-%' %=(,#A'% ,)( +--)F#*+)- F#(+#-A'%
44 #!%# '(()(%
57 8:;* <?
1$ //@!2$# 1$ //@!2$# 1$ //@!2$#
2< .LKKXV .TLWTW .LKK33 .VLbJWY .LKKbb .VLK3X3
2.3LJJ34 2.JTJLKKb4 2.LbWY4 2.JWJLYTT4 2.3LKVK4 2.JT3LKVW4
2= WLYV@.Kb .L^^^V .LKKKV .L^^bb LKK33 .3LKKK3
2LKJ^4 2.TbTLYTJ4 2.LJ^^4 2.TXVL3YX4 2LTYT4 2.TY^LYTV4
2> .LKKJV L^^bY .LKKK3 3LKKYY .LKKJ^ L^^^X
2.3LKJY4 23YTLJKT4 2.L3TT4 23YVLVXX4 2.3LKXK4 23YJLVV34
1-" .LK3TT L^^^X .LK3W^ L^^^b LKKK^ L^^^W
444 #!"# '(()(%
2< LKKTY .JL3XXY .LKTVX .3LYWYK LKKTV .JL3b3J
2LJ^K4 2.33bL3JK4 2.LWTY4 2.3KKLVXV4 2LT334 2.33JLX334
2= LKKKT .L^^^W LKTX3 .L^^YX .LKKYX .L^^Xb
2LKJV4 2.bKXLTVK4 2L^TY4 2.VWYLK^K4 2.3LJ3^4 2.TYKLKX34
2> LKK3K L^^bb .LKVKW 3LKKKJ LKKWV L^^YT
2L3KY4 23WVL^b34 2.3LJK^4 23XKL^J^4 23L3KJ4 23XbLW3X4
1-" .LKJbb L^^^W LKbW3 L^^^X LK^Xb L^^^b
h)*'%R *.(#*+)% +- &#('-*0'%'%L N#-'$ 1 %&'A+!A#*+)-% #(' =%'HL <=-A*+)-#$ ,)("%R
67!1$# & <( = 67" ( > 67 ! ( ?S
67//@!2$# & <( = 67" ( > 67 ! ( ?
JJ
O#C$' V >'%&)-%' %=(,#A'% ,)( &#-'$ H+"'-%+)-%
44 #!%# '(()(%
57 8:;* <?
1$ //@!2$# 1$ //@!2$# 1$ //@!2$#
2< .LKKKX LXVJV .LKKKJ .L3XT3 .LKKKb LTbTY
2.3LX^J4 2JXLKXW4 2.3Lb^b4 2.bLV3T4 2.3L^TY4 23VLVbT4
2= XLTW@.b .LV^^X WLWY@.X .Lb3V^ TL^T@.b .LbKbT
23LWJJ4 2.3JVLV^T4 2LXVV4 2.33WL3TY4 23LXJ34 2.33JLTWb4
2> XL3T@.b .3LKKXV JLYb@.b .L^^YK bLbV@.b .3LKK3W
23LVXT4 2.JXTLYJ34 2JLJWY4 2.JJKLYb^4 23LYWb4 2.JTYL3X^4
1-" L3JT3 L^^Y^ L3TT3 L^^YW L3VYW L^^YY
444 #!"# '(()(%
2< LKKKb .3LKJXJ .LKKT^ .LWK^W .LKK3b .3LKT3X
2LJTX4 2.VbLJKb4 2.3L3^T4 2.TTLJbW4 2.LWb34 2.TWLTbT4
2= XLVJ@.b .LbKK3 LKKKb .Lb3J3 LKKKJ .LbKJV
2LJ3V4 2.3TJLVV^4 23LKJY4 2.3T3LbKX4 2LbX^4 2.33WLb^V4
2> .LKKKJ .LKKT^ LKKKT .LKK3T LKKK3 LKKKT
2.L^WK4 2.L^bW4 2LXYY4 2.LTYV4 2LXVb4 2LKYb4
1-" .LK3X3 L^^VT LK3K^ L^^bT .LK3Tb L^^VV
h)*'%R *.(#*+)% +- &#('-*0'%'%L N#-'$ 1 %&'A+!A#*+)-% #(' =%'HL <=-A*+)-#$ ,)("%R
67!1$# & <( = 67" ( > 67 ! ( ?S
67//@!2$# & <( = 67" ( > 67 ! ( ?
JT
O#C$' b !=""#(6 %*#*+%*+A% 2\'*'()D'-')=% %$)&'%4
:4 N:h@G 1
5#!( **+ 54( 5!= 5#94!( *G#E H)$0IJ
44 #!%# '(()(%
$&' 3LKKWK LK3XV L^JYX 3LKX^3 3LKKW3 LKJX^ LKbV3
$,-./ 3LKb^Y LK3Xb L^^V3 3L33TT 3LKb^Y .LKJXV .L3YKX
$)* 3LKXKW LK3bJ 3LKKTW 3L333b 3LKXKW .LKJJY .LKVKb
*""# LTbWJ LWVbT .3LY3YY TL^^YT LTKYJ LV3J^ LJVVW
*"$%&' 3KL3XVJ TLVTK3 .LYJYb JVL^^XJ ^L^3XX LVKYK L3^b3
*"() XLTTJJ 3LYWWJ LTV^T 3bLb^WY XLJJWW LTJKJ L3YYb
444 #!"# '(()(%
$&' 3LKK^T LKWYY LWJJX 3LTTWV 3LKKYY LK3YV LK^bK
$,-./ 3LKXT^ LKW^T LWTV3 3LTbJb 3LKXT^ .LKXYX L3XbY
$)* 3LKXVJ LKXKX LY3WY 3LT3XV 3LKXVY .LKVTb LKKJV
*""# L3VW3 3LKKWY .TLbWTT VLJXYT L33VY L3YTV LKVb3
*"$%&' TLV^K3 VLJWYb .3bLWWXK JKLYX3b TLVTW3 LKXVT L3X^W
*"() TLT^TT TLJKJX .YLX^YT 3WLWVXJ TLJYTV LKXJ3 .LK3TT
B/ N:h@G 11
5#!( **+ 54( 5!= 5#94!( *G#E H)$0IJ
44 #!%# '(()(%
$&' L^^^^ LK3VK L^VVW 3LKbb3 L^^^^ .LKJ3b L3WVW
$,-./ 3LKKKV LKKXK L^WVK 3LKJWK 3LKKKT LKKTX LJV3V
$)* 3LKKKJ LK3K3 L^bYT 3LKTYb 3LKKKV .LKVV^ LJJKT
*""# .LKKXT 3LKYbb .VL^TXb VLVY3V .LKKV^W .LKbTJ LT33Y
*"$%&' LKXbV 3LKKJV .TLXJJX TLVbTV LKbKX LK33^ .LK^VJ
*"() LKJTW 3LK3WJ .TLX33X TLbYYX LKTTV .LKTX3 LKXTW
444 #!"# '(()(%
$&' 3LK3K^ LWW^Y .JLK^VK bLKYTY 3LKKYJ .LKKK^ L3VbW
$,-./ 3LK3VY 3LKKJ3 .JL^XKJ bLK3WJ 3LK3WY .LK3X3 LJT^K
$)* 3LKKWK LWVVJ .3LYVWV VL33X3 3LKKYW .LKJK^ LKWbT
*""# LK3JV 3LKXYV .VLJ^3J bLYWbT LK333 .LK3TV LTW^^
*"$%&' LJ3Y^ 3VL^3JK .bXLYbWK XVLYWb^ LJXTY .LKK3b LJ3bK
*"() LK^YT 3KL^^JY .VJLW3KT bKLK3TW L3JWT .LKJK3 L33KV
JV
O#C$' X @"&+(+A#$ %+P' #-H A(+*+A#$ F#$='% 2\'*'()D'-)=% %$)&'%4
N:h@G 1
#!%# '(()(% #!"# '(()(%
21$% 231$% 21$% 231$%
67 JLTX 3L^T bLVT JL3W
89:/ ^^LW^ 3WLVb WTLT^ 3JLKV
;. ^^Lbb 3KLT3 W3LY^ ^LY3
N:h@G 11
#!%# '(()(% #!"# '(()(%
21$% 231$% 21$% 231$%
WLKb JL3J XL^V JL3V
bLKb JLKJ Y^L3W J^LWV
bLXY JLKV YbLJ3 J3LVW
Jb
O#C$' W >'%&)-%' %=(,#A'% 2\'*'()D'-')=% %$)&'%4
44 #!%#'(()(%
57 8:;* <?
1$ //@!2$# 1$ //@!2$# 1$ //@!2$#
2< .LKKWV LYTJK LKVJJ .JLTXW LKVT^ .JLT33
2.LXVJ4 2J3L3KT4 2TL^3b4 2.JVLVTJ4 2VL3TY4 2.JKLT^W4
2= .3LYJ@.V .LV^VJ TLJJ@.V .LV^TX bLK^@.b .LV^YK
2.L3JY4 2.^KLbJ34 2LJXJ4 2.TYLVWK4 2LKV3W4 2.TVLW^W4
2> 3LYT@.T .3LKKY 3LbT@.T .JLW3@.J 3LbJ.T .YL3J@.J
23L3YT4 2.3WYL^^34 23L3J34 2.JLJK^4 23L3JJ4 2.bLXWK4
1-" LKKTV L^^WW LKKbJ L^X3J LKKTX L^bVK
444 #!"# '(()(%
2< .LKKJT .LYTVW LKTWX .LWXTb LKT^V .3LKX3X
2.LTKY4 2.3TL^JX4 2XLJbY4 2.JKLKbK4 2XLYKX4 2.JJL3bK4
2= .WL^V^@.V .LVY^b 3LWY@.T .LbKXY 3Lb^@.T .LbKKJ
2.LbbV4 2.VTLTK^4 23LVY34 2.XbLX3^4 23LT^b4 2.W3LWWX4
2> 3LT3@.T .bLV^@.T 3LK3@.T .bLVK@.T YLb^@.V .LKKTT
23L3YT4 2.LXbV4 23LJYX4 2.LYY^4 23LKY^4 2.LVWX4
1-" .LKKVW L^Wbb LKTbT L^YW3 LKJbJ L^YVW
h)*'%R *.(#*+)% +- &#('-*0'%'%L N#-'$ 1 %&'A+!A#*+)-% #(' =%'HL <=-A*+)-#$ ,)("%R
67!1$# & <( = 67" ( > 67 ! ( ?S
67//@!2$# & <( = 67" ( > 67 ! ( ?
JX
O#C$' Y ?+%&'(%+)- ), D()=& '%*+"#*'% 2$!
8!(#& "!2$!# 54(F 5!=F D!2$!# &
((( &"*!'"
#(&"*)
((( $ '
K8,I+5 LTVT^
.L3VYY
2:=%*(+#4
3L3YJV
27#-#H#4
.JLX^^X
2:=%*(+#4
K8,IL*M LTbYJ
Lb^^^
2<+-$#-H4
3L^XWY
25#&#-4
JLVXWb
25#&#-4
N8,I+5 LT3bW
L3Jbb
2:=%*(+#4
3LTWJ3
2!/+*P'($#-H4
.JL^K^Y
2:=%*(+#4
N8,IL*M LJVWK
LbbKV
2E-+*'H Q+-DH)"4
3Lb3TW
25#&#-4
.JLJbbY
2EQ4
JW
O#C$' ^ N#-'$ '%*+"#*'% ), %*#*+A NNN ('D('%%+)-%
57 <? 8:;*
K8,I+5 6!(#&
2$!EB# KLWYK2LKYT4 KL^TT2LKKV4 KL^XY2LKKV4
*.%*#*+%*+A 2$k34 .JLXVJ" .3YLYVW" .WLVTX"
K8,IL*M 6!(#&
2$!EB# 3LKYV2LKYW4 KL^XV2LKKW4 3LKKV2LKKX4
*.%*#*+%*+A 2$k34 L^Xb .bL3XW" KLWKJ
N8,I+5 6!(#&
2$!EB# 3LKVV2LKYY4 3LKTX2LKKV4 3LKXX2LKKV4
*.%*#*+%*+A 2$k34 3LbKb YLVJW" 3bLXXX"
N8,IL*M
2$!EB# 3L3KY2LKXY4 3LKK32LKKY4 3LKX^2LKKX4
*.%*#*+%*+A 2$k34 3LbWK 3LbWK 3JLKWJ"
h)*'%R "+-H+A#*'% ('Z'A*+)- ), *0' $)-D (=- NNN 06&)*0'%+%L
JY
!"#$%&'()*+',-!'./'!01232"12"4')5*6,7'889':.;.#&<&.$1'1=.>&9'8)?+'&%%.%1+
!"#$%&'()@+',-!'./'!01232"12"4')5*6,7'889':.;.#&<&.$1'1=.>&9'8)(+'&%%.%1+
!"#$%&'A)*+'',-!'./'!01232"12"4')5*6,7'89':&2&%.#&<&.$1'1=.>&+
!"#$%&'A)@+'',-!'./'!01232"12"4')5*6,7'889':&2&%.#&<&.$1'1=.>&+
!"#$%&'B'C&1>.<1&'1$%/34&'./'""#'./'1=.>&'4.&//"4"&<2'&12";32&')$DAE+F':&2&%.#&<&.$1'>3<&=F'8)?+'&%%.%1F
!
!"#$%&'()*)+#,(,+#%+,(
(
  
 List of other working papers: 
2001 
1. Soosung Hwang and Steve Satchell , GARCH Model with Cross-sectional Volatility; GARCHX 
Models, WP01-16 
2. Soosung Hwang and Steve Satchell, Tracking Error: Ex-Ante versus Ex-Post Measures, 
WP01-15 
3. Soosung Hwang and Steve Satchell, The Asset Allocation Decision in a Loss Aversion World, 
WP01-14 
4. Soosung Hwang and Mark Salmon, An Analysis of Performance Measures Using Copulae, 
WP01-13 
5. Soosung Hwang and Mark Salmon, A New Measure of Herding and Empirical Evidence, 
WP01-12 
6. Richard Lewin and Steve Satchell, The Derivation of New Model of Equity Duration, WP01-
11 
7. Massimiliano Marcellino and Mark Salmon, Robust Decision Theory and the Lucas Critique, 
WP01-10 
8. Jerry Coakley, Ana-Maria Fuertes and Maria-Teresa Perez, Numerical Issues in Threshold 
Autoregressive Modelling of Time Series, WP01-09 
9. Jerry Coakley, Ana-Maria Fuertes and Ron Smith, Small Sample Properties of Panel Time-
series Estimators with I(1) Errors, WP01-08 
10. Jerry Coakley and Ana-Maria Fuertes, The Felsdtein-Horioka Puzzle is Not as Bad as You 
Think, WP01-07 
11. Jerry Coakley and Ana-Maria Fuertes, Rethinking the Forward Premium Puzzle in a Non-
linear Framework, WP01-06 
12. George Christodoulakis, Co-Volatility and Correlation Clustering: A Multivariate Correlated 
ARCH Framework, WP01-05 
13. Frank Critchley, Paul Marriott and Mark Salmon, On Preferred Point Geometry in Statistics, 
WP01-04 
14. Eric Bouyé and Nicolas Gaussel and Mark Salmon, Investigating Dynamic Dependence Using 
Copulae, WP01-03 
15. Eric Bouyé, Multivariate Extremes at Work for Portfolio Risk Measurement, WP01-02 
16. Erick Bouyé, Vado Durrleman, Ashkan Nikeghbali, Gael Riboulet and Thierry Roncalli, 
Copulas: an Open Field for Risk Management, WP01-01 
2000 
1. Soosung Hwang and Steve Satchell , Valuing Information Using Utility Functions, WP00-06   
2. Soosung Hwang, Properties of Cross-sectional Volatility, WP00-05  
3. Soosung Hwang and Steve Satchell, Calculating the Miss-specification in Beta from Using a 
Proxy for the Market Portfolio, WP00-04  
4. Laun Middleton and Stephen Satchell, Deriving the APT when the Number of Factors is 
Unknown, WP00-03  
5. George A. Christodoulakis and Steve Satchell, Evolving Systems of Financial Returns:  Auto-
Regressive Conditional Beta, WP00-02  
6. Christian S. Pedersen and Stephen Satchell, Evaluating the Performance of Nearest 
Neighbour Algorithms when Forecasting US Industry Returns, WP00-01  
1999 
1. Yin-Wong Cheung, Menzie Chinn and Ian Marsh, How do UK-Based Foreign Exchange 
Dealers Think Their Market Operates?, WP99-21 
2. Soosung Hwang, John Knight and Stephen Satchell, Forecasting Volatility using LINEX Loss 
Functions, WP99-20 
3. Soosung Hwang and Steve Satchell, Improved Testing for the Efficiency of Asset Pricing 
Theories in Linear Factor Models, WP99-19 
4. Soosung Hwang and Stephen Satchell, The Disappearance of Style in the US Equity Market, 
WP99-18 
5. Soosung Hwang and Stephen Satchell, Modelling Emerging Market Risk Premia Using Higher 
Moments, WP99-17 
6. Soosung Hwang and Stephen Satchell, Market Risk and the Concept of Fundamental 
Volatility:  Measuring Volatility Across Asset and Derivative Markets and Testing for the 
Impact of Derivatives Markets on Financial Markets, WP99-16 
7. Soosung Hwang, The Effects of Systematic Sampling and Temporal Aggregation on Discrete 
Time Long Memory Processes and their Finite Sample Properties, WP99-15 
8. Ronald MacDonald and Ian Marsh, Currency Spillovers and Tri-Polarity:  a Simultaneous 
Model of the US Dollar, German Mark and Japanese Yen, WP99-14 
9. Robert Hillman, Forecasting Inflation with a Non-linear Output Gap Model, WP99-13 
10. Robert Hillman and Mark Salmon , From Market Micro-structure to Macro Fundamentals:  is 
there Predictability in the Dollar-Deutsche Mark Exchange Rate?, WP99-12 
11. Renzo Avesani, Giampiero Gallo and Mark Salmon, On the Evolution of Credibility and 
Flexible Exchange Rate Target Zones, WP99-11 
12. Paul Marriott and Mark Salmon, An Introduction to Differential Geometry in Econometrics, 
WP99-10 
13. Mark Dixon, Anthony Ledford and Paul Marriott, Finite Sample Inference for Extreme Value 
Distributions, WP99-09 
14. Ian Marsh and David Power, A Panel-Based Investigation into the Relationship Between 
Stock Prices and Dividends, WP99-08 
15. Ian Marsh, An Analysis of the Performance of European Foreign Exchange Forecasters, 
WP99-07 
16. Frank Critchley, Paul Marriott and Mark Salmon, An Elementary Account of Amari's Expected 
Geometry, WP99-06 
17. Demos Tambakis and Anne-Sophie Van Royen, Bootstrap Predictability of Daily Exchange 
Rates in ARMA Models, WP99-05 
18. Christopher Neely and Paul Weller, Technical Analysis and Central Bank Intervention, WP99-
04 
19. Christopher Neely and Paul Weller, Predictability in International Asset Returns: A Re-
examination, WP99-03 
20. Christopher Neely and Paul Weller, Intraday Technical Trading in the Foreign Exchange 
Market, WP99-02 
21. Anthony Hall, Soosung Hwang and Stephen Satchell, Using Bayesian Variable Selection 
Methods to Choose Style Factors in Global Stock Return Models, WP99-01 
1998 
1. Soosung Hwang and Stephen Satchell, Implied Volatility Forecasting:  A Compaison of 
Different Procedures Including Fractionally Integrated Models with Applications to UK Equity 
Options, WP98-05 
2. Roy Batchelor and David Peel, Rationality Testing under Asymmetric Loss, WP98-04 
3. Roy Batchelor, Forecasting T-Bill Yields: Accuracy versus Profitability, WP98-03 
4. Adam Kurpiel and Thierry Roncalli , Option Hedging with Stochastic Volatility, WP98-02 
5. Adam Kurpiel and Thierry Roncalli, Hopscotch Methods for Two State Financial Models, 
WP98-01 
